and metribuzin are commonly used for weed control in a variety of crops. Moreover, atrazine, simazine and metribuzin are suspected as potential endocrine disruptors. 3 After application, atrazine degrades to deethylatrazine (DEA), deisopropylatrazine (DIA) and hydroxyatrazine (HA) through dealkylation or hydroxylation; simazine degrades to DIA and hydroxysimazine (HS); propazine degrades to DEA and hydroxypropazine (HP). These metabolites degrade further to didealkylhydroxyatrazine (DDHA) via didealkylatrazine (DDA), deethylhydroxyatrazine (DEHA) and deisopropylhydroxyatrazine (DIHA). Atraton could degrade similarly to atrazine.
Experimental

Reagents and apparatus
Pesticides and their degradation products were purchased from Dr. Ehrenstorfer (Augsburg, Germany), Kanto Chemicals (Tokyo, Japan) and Wako Pure Chemicals (Osaka, Japan). Ultrapure water was purchased from Kanto Chemicals. All solvents used were of LC-grade or pesticide-grade.
A 500 or 1000 µg ml -1 of stock standard solutions of atraton, atrazine, DADKM, DAM, DEA, DIA, DKM, metribuzin and propazine were prepared by dissolving in methanol or acetonitrile.
A 100 µg ml -1 of stock standard solution of simazine was prepared by dissolving in methanol. A 100 µg ml -1 of stock standard solution of DDA was prepared in ultrapure water. A 100 µg ml -1 of stock standard solutions of DDHA, DEHA, DIHA, HA, HP and HS were prepared in the mixture solution of 0.1 M HCl and methanol (3:2) . A mixed standard solution was prepared in methanol to the final concentration of 5 µg ml -1 . Simazine-d10, which was used as an internal standard, was prepared in methanol at the concentration of 10 µg ml -1 .
A Shimadzu LC/MS 2010A system (Kyoto, Japan) was used for quantitative analysis. A Waters Sep-Pak Concentrator (Nippon Millipore, Tokyo, Japan) and a SPE Manifold (J&W, Folsom, CA, USA) were used for solid-phase extraction and Waters Sep-Pak Plus PS-2 cartridges, containing 265 mg of styrene-divinylbenzene copolymer (Nippon Millipore), were washed with 5 ml of acetone, and then with 5 ml of ultrapure water prior to use. Spelclean ENVI-Carb cartridges containing 250 mg of graphitized carbon black (Sigma-Aldrich Japan Supelco, Tokyo, Japan) were washed with 5 ml of methanol and then with 5 ml of distilled water prior to use. A 1-µm pore size glass-fiber filter, GA-100 (Toyo Roshi, Tokyo, Japan), of 47 mm diameter was washed with acetone before use.
Determination procedure
Water samples were filtered through the glass-fiber filter (1-µm pore size). A 500-ml aliquot of the filtered water was passed through a series of a PS-2 cartridge and two ENVI-Carb cartridges at a flow rate of 5 ml min -1 . After the cartridges were washed with 3 ml of distilled water, they were dried by passing air through them for 2 min using an aspirator. The target compounds collected on the PS-2 cartridge were eluted successively with 6 ml of acetone under reduced pressure. The target compounds collected on the ENVI-Carb cartridges were eluted successively with 10 ml of methanol from the opposite direction of the extraction. The combined eluates were Figure 1 shows mass chromatograms for the standard pesticides and the internal standards. The target compounds in a sample were detected simultaneously in the positive mode except for DADKM and DKM, which could be detected in the negative mode. Simazine-d10 was used as an internal standard for the target compounds determined in the positive mode. Quantitation ions of the target compounds, except for DDA, were [M+H] + in the positive mode and [M-H] -in the negative mode (Table 1) . Regarding DDA, [M+H+CH3CN] + was selected as the quantitation ion to avoid interference in the chromatogram.
Results and Discussion
Detection of pesticides by LC/MS
Desorption efficiencies of pesticides with different solvents
Desorption solvents for the target compounds from the cartridges were examined after passing 10 ml of ultrapure water spiked with 0.5 µg of each target compound through the cartridges; next the compounds were eluted with 16 ml of various solvents. The eluates were fractionated into 8 fractions (2 ml each) and were analyzed by LC/ESI/MS. The desorption Table 2 .
In the PS-2 cartridge, acetone gave the best recoveries among five solvents (acetone, methanol, acetonitrile, ethyl acetate and dichloromethane), where the target compounds, except for DDA, DDHA, DEHA and DIHA, were eluted more than 80% with 6 ml of acetone (Table 2) . On the other hand, the desorption efficiencies of DDA, DDHA, DEHA and DIHA with 16 ml of the solvents were less than 65% for all solvents. These 4 compounds were detected in the solutions passed through the cartridges: ca. 60% (DDA), 90% (DDHA), 40% (DEHA) and 80% (DIHA). Hence, these compounds were not extracted satisfactorily by a PS-2 cartridge. In the ENVI-Carb cartridge, 10 ml of methanol gave the best recoveries (Table 2 ) among the 4 solvents examined. As a result, 6-ml of acetone and 10-ml of methanol are recommended for the elution of the target compounds from a PS-2 cartridge and an ENVI-Carb cartridge, respectively.
Extraction efficiencies of pesticides with the solid-phase extraction cartridges
The extraction efficiencies with a series of two cartridges for the target compounds were determined by passing 500 ml of ground water and filtered river water spiked with 0.1 µg of each target compound through the cartridges.
The series of cartridges investigated were (1) two ENVI-Carb cartridges and (2) a PS-2 cartridge and an ENVI-Carb. Figure 2 (A and B) shows the extraction efficiencies with a series of two ENVI-Carb cartridges from ground water (A) and from river water (B). The extraction efficiencies for all the target compounds from ground water and river water were good (> 70%). However, the extraction efficiencies of almost all the compounds from the river water were smaller than those from ground water. In the solid-phase extraction of pesticides from the water samples, several studies have described the possibility of interference from dissolved organic material. 4 Accordingly, the extraction efficiencies of the target compounds from river water might be affected by the organic materials dissolved in river water.
The extraction efficiencies with a PS-2 cartridge and an ENVI-Carb cartridge in series are shown in Fig. 2 (C, D) . The efficiencies of the target compounds from ground water (C) and filtered river water (D) were quite good (> 70%) except for DDHA in river water. As mentioned above, ENVI-Carb cartridges gave poorer recoveries for almost all target compounds from the filtered river water than those from ground water. In case of PS-2, the efficiencies for the target compounds, except for DDA, DDHA, DEHA and DIHA from 98  77  91  78  83  98  99  94  104  2 Atrazine  103  87  97  83  80  99  89  99  105  3 DADKM  102  ----103  107  96  109  4 DAM  97  88  98  80  87  96  74  14  104  5 DEA  97  99  102  88  95  103  96  111  103  6 DDA  38  30  45  31  41  97  97  97 river water were similar to those from ground water. It appears that the ENVI-Carb cartridge extracted much more organic materials in river water than the PS-2 cartridge. These results suggest that the recoveries of target compounds with the PS-2 cartridge were less affected by organic materials dissolved in river water, except for DDA, DDHA, DEHA and DIHA, compared to those with ENVI-Carb. Moreover, DDA, DEHA and DIHA were extracted very efficiently with a PS-2 cartridge and an ENVI-Carb cartridge. As for DDHA, it could be extracted well with two ENVI-Carb cartridges, as described above. Consequently, a PS-2 cartridge and two ENVI-Carb cartridges in series were chosen as the best combination for extraction of 17 compounds from environmental water samples.
Recovery tests for pesticides spiked in water samples
Overall recoveries of target compounds in 500 ml of ground waters and filtered river waters were investigated by adding 0.1 µg of each target compound to the water samples. After the samples were stirred for 10 min, the compounds in the samples were extracted with the series of 3 extraction cartridges. No target compounds were detected in the control for each environmental water sample. The recovery test was repeated 4 times. A recovery for each compound was calculated as the ratio of a measuring value for a spiked sample to a standard value. The recoveries of target compounds from the ground water and river water are summarized in Table 3 . As is seen in Table 3 , the recoveries were in the range from 73 to 111%, and the relative standard deviations ranged from 2.2 to 11% (Table  3) . These results indicate that pesticides in the water samples can be determined precisely by the present extraction/LC-MS method. The limits of detection (LODs) for target compounds were at the level from 0.2 to 28 ng l -1 , as is seen in Table 3 .
The determination of pesticides in ground water
The proposed method was applied to the determination of pesticides in fifteen ground water samples. The samples were collected at the lower reaches of the Shinano River in Niigata Prefecture, Japan. Simazine (1.8 µg l -1 ), HS (0.094 µg l -1 ), DIA (0.11 µg l -1 ) and DDA (2.0 µg l -1 ) were detected from one of those water samples. Each compound was determined without interferences.
